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1' . 

AUTOMATIC REGULATION on-RiisPrRA'roRs ‘ 
‘BACKGROUND or THE INVENTION 

This invention relates to regulation of the .?ow and 
pressureof the respiration gas in a respiraton'and con 
cerns a flow and pressure measuring device .(arranged 
in the immediate vicinity of the patient connection) for 
determining the flow and pressure of the, respiratory 
gas and converting the magnitudes measured into elec 
trical signals, as well as a valve arrangement,(arranged 
between the respiration gas source and the measuring 
device) for controlling the flow and pressure of the. 
respiration gas. Further, the invention concerns as elec 
tronicaregulator for carrying out thisregulation. , 
The common respirators are controlled systems, i.e. 

their functional sequence is governed by rigidly speci 
?ed input magnitudes. A group of known respirators 
includes the so-called pressure-controlled systems, with; 
which respiratory gas is delivered under pressure to the 
patient, wherein a control‘ valve interrupts the delivery 
of the respiratory gas if a certain specified pressure is 
builtup in the'line leading-to thepatient. ._ 

v A further group includes the so-called volume-cone 
trolled‘systems, bylwhich an amount of the‘ respiration 

. gas measured according to volume is delivered to the 
patient.,Both typesof respirators have at least the one 
disadvantage, which. is principally inherent to all con-_ 
trolled-systems, that they cannot reactto compensate 
for-1 changes in the lung mechanics not detectable. in 
advance. '- - . N - 

There-have also previously been suggestedautomatb. 
cally controlled» respirators which, however, are not 
suitable .for a :wide routine employment in hospitals for 
various reasons. One such reason, for example, is that 
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the~measurement of, the regulatory magnitude, there ' 
are necessary complicated devices which in addition 
are‘, on the. one hand expensive and on the other hand _ 
susceptible to disorders. . 

. With ‘respect to this problem-hitherto the'possibili 
ties .of offering'an automatic regulation have, tothe 
disadvantage ,of the patient, not been pursued. ’ 

_, Summary of the Invention 

A v. The present invention is based on the task of utilizing 
the possibilities which lie in the automaticregulation of , 
a respirator, i.e. to make .available a regulatory process 
and a regulator,.which combines, on'the one hand, 
?exibility with respect to choice of program and‘com 
pensation of disorders of magnitude measured there-, 
with, and on the other hand, safe observation of limit 
ing values speci?edby thedoctor. _ - V 
This is achieved in accordance with the invention. by 

a regulation of the above-mentioned type, which is 
distinguished in that a control signal for modulating the 
valve is obtained by comparison of theactual values 
measured. for ?ow and pressure with nominal values 
which are calculated from ?xed values and thevactualr 
values. 1 . 1 > _ 

Accordingly, a device suitable for carrying out this 
regulation-contains an electronic circuit for calculating 
nominal values for pressure and ?ow from‘, the actual 
values-measured and given values, circuits for compar 
ing the» nominal values with the actual values, and a 
controlcircuit for controlling the valve, ' l 
The previously mentioned ?exibility,rwhich=the regu 

lation should havein accordance with the invention, is 
to be ensured not only with respect to the‘ control of the 
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2 
respirator by the doctor or the attendant replacing him‘ 
but also with respect to the accommodation of the 
individual and instantaneous requirements on the part 
of the patient. It has been provided to make optional 
the following values determining the course of the sin 
gle respiration cycle: 

1. Pressure increase during inspiration (dP/dt), ' ' 
The magnitude of the pressure increase is set, above. 

all, at the upper end by the pain sensations of vthe pa-‘ 
tient, which sensations with certain injuries, e.g. with 
rib fractures etc., can be increased. The lower limit ,of 
this magnitude is produced by the requirement to de 
liver a suf?cientamount of respiration gas to the pa 
tient within the inspiration. 

' 2. Pressure decrease during expiration (dP/dt)E 
The expiratory pressure decrease has to proceed as 

smoothly as possible in certain types of illness, e.g. 
emphysema. Normally, however, it is made steep, that 
is often the pressure becomes negative in the sense; of 
an expiratory respiration assistance. 

3. Final ‘expiratory pressure PE ?n 

, This pressure is to be optional, because there is still 
no agreement in medicine on its optimal value and, as. 
a result of this, to some extent not only atmospheric 
pressure but also positive ‘and negative pressures are 
chosen. 

4. Pressure in the expiratory iriflexion P,' 

This pressure value usually has no direct physiologi 
cal significance. The necessity to be able to choose it 
results from the fact that (dP/dt)E and PE M are made 
optional. If the gradient of the pressuredecrease is. 
speci?ed, there must be determined namely a pressure 
value from which the ?nal expiratory pressure is at 
tained on a curve, which is principally optional ,but 
usually linear. v. 

5. Respiration frequency 
‘It must be optional in a relatively wide range, since 

the regulation is to be used'not only for adults but also 
for children, infants and babies. 

6. Ratio of inspiration to expiration. 
Apart from these magnitudes which are chosen for 

the single respiration cycle, there must also be provided 
a selectivity of respiration gas volume which is to be 
delivered to be patient. In principal, this nominal vol 
ume could also be specifiedper inspiration. It would be 
preferable, however, to specify the volume delivered 
during a time unit encompassing several respiration 
cycles, i.e. the respiration minute volume. From this 
and the respiration frequency, there is calculated the 
nominal volume per cycle. Moreover, the possibility 
would beprovided to adjust the pulmonary alveolar 
minute volume and the dead volume separately, instead 
of the buccal minute volume. 
Moreover, the possibility is given, as is evident in 

detail from the following description of an embodiment 
of the invention, to choose four different operational 
methods of regulation. 

1. Controlled Respiration 
The ‘regulation. pursuesv a respiration according- to‘ 

values ?xed‘ by the doctor. The apparatus allows for 
variations in the elastic resistanceof the lungs (compli-~v 
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ance) of the patient. The respiration is momentarily 
interrupted when the patient coughs. 

2. Assisted Respiration 
As long as the patient is unconscious, the respirator is 

regulated as in the controlled method of operation. 
When the patient is conscious, the regulation allows to 
a certain extent variations in the respiration frequency. 
The patient is permitted to increase his minute volume, 
either by increasing the volume per inspiration or the 
respiration frequency. The patient can also interpose a 
sigh or a short respiration pause. In contrast, a reduc 
tion in the respiration minute volume with respect to 
the ?xed value is not allowed by the regulation. By 
suitable adjustment of the control elements, as is evi 
dent from the more precise description in the follow 
ing, the intensity of the respiration assistance can be 
adjusted. 

3. Spontaneous Respiration 
With this method of operation, the patient is com 

pletely free in his respiration. The respirator provides 
for a constant buccal pressure independent of flow. 
Since in this method of operation, the respiration min 
ute' volume is not guaranteed, the regulator acts as a 
respiration minute volume monitor. 

4. Manual Respiration 

This possibility is normally only briefly used by the 
doctor during a surgical operation, i.e. as a brief inte 
ruption of the controlled respiration. In so doing, the 
whole regulator is inoperative. The doctor can manu 
ally control the respiration gas in both directions via 
the control valve. In case of a current interuption, this 
method of operation can serve for the short term. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. I shows in block diagram form a respirator in 
accordance with the invention. 
FIG. 2 graphically illustrates a four-phase control 

cycle comprising the cyclic course of nominal values 
for the ?ow and pressure as calculated by the logic 
circuitry of FIG. 1 based on actual values measured for 
the ?ow and pressure as well as values ?xed by the 
attenting physician. 
FIG. 3 shows different forms of the pressure, ?ow 

and volume curves during the inspiration phase. 
FIGS. 4 and 5 graphically illustrate suitable possibili 

ties of respiration freedom on the part of the patient in 
the assisted respiration mode of operation of the respi 
rator. 
FIGS. 6 and 7 graphically represent the determina 

tion of the criteria for a coughing condition, occurring 
respectively during the inspiratory and expiratory por 
tions of a breathing cycle. 
FIG. 8 is a schematic block diagram of an embodi 

ment of a regulator in accordance with the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT (S) 

A respirator which contains a regulator in accor 
dance with the invention is divided into two sections as 
indicated in FIG. 1 by dotted lines. The ?rst section, 
which represents the regulation system according to 
regulation technology includes the respiration gas line 
I from the respiration gas source 2 to the patient 3. In 
the immediate vicinity of the patient connection, there 
are arranged in the respiration gas line a control valve 
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4 
4 and a measuring device 5 for measuring the ?ow and 
pressure of the respiration gas. The driving mechanism 
of the valve 4, for example, a servomotor, receives its 
control signal from a valve control 6 which is arranged 
in a section separated from the ?rst section. The valve 
control 6 itself receives a control signal from a compar 
ator circuit 7, in which the nominal and actual values 
for the ?ow and pressure of the respiration gas are 
compared with one another. The actual values are 
delivered to this circuit in the form of electrical signals, 
which the measuring device derives from the ?ow and 
pressure values measured. The nominal values come 
from a logic circuit 8, to which the actual values are 
likewise delivered. The logic circuit 8 has, apart from 
the input for the actual values, a series of inputs which 
are symbolized by the arrow 9 and come from the ex 
ternal control elements. The logic circuit 8 also has a 
series of outputs which are symbolized by the arrow 10 
and which lead to indicator units or alarm devices. The 
comparator circuit 7 and the logic circuit 8 together 
represent a regulator in the sense of the present inven 
tion. It is to be observed that the comparator circuit 7 
represented in simpli?cation in FIG. 1, in reality con 
sists of two comparator circuits since the ?ow and 
pressure of the respiration gas are regulated separetely. 
On the basis of this greatly simpli?ed scheme of an 

automatically regulated respirator, there is now firstly 
described the regulation in the controlled and the as 
sisted method of operation, while the detailed descrip 
tion of the regulator follows subsequently. In the con 
trolled respiration, the ?ow and pressure of the respira 
tion gas are continuously measured at the month of the 
patient. The inspiration and the expiration 'is deter 
mined by the ?ow direction of the air. Both together 
form a respiration cycle. 
From the actual values measured for the ?ow and 

pressure as well as from the values ?xed by the doctor, 
the logic circuit 8 calculates the nominal values for the 
?ow and pressure. The cyclic course of these nominal 
values is de?ned as a control cycle. This control cycle 
consists of four phases, the phases I, III and IV being 
pressure-regulated and the phase II being ?ow 
regulated and is illustrated in FIG. 2. 
The respiration cycle and the control cycle do not 

necessarily have to fall together in time: mostly how 
ever, the phases I and II of the control cycle correspond 
to the inspiration and the phases III and IV of the con 
trol cycle correspond to the expiration. 
The control cycle time (sum of the time of the phases 

I to IV) is calculated from the ?xed frequency and the 
time of the phases I and II as well as the time of the 
phases III and IV is calculated from the ?xed respira 
tion time ratio (inspiration/expiration). ' 
As mentioned, the phase I is pressure-regulated. By 

way of the ?nal expiratory pressure PE ?n measured 
with the measuring device 5, a linearly increasing pres 
sure signal is calculated in the logic circuit 8 according 
to the dP/dt ?xed by the doctor. In order to bring about 
a smooth onset of inspiration, the pressure ramp is 
slightly delayed. The time constant of the delay 
amounts to 1/10 to US of the inspiration time. In FIG. 
2, the ?xed pressure increase a'P/dt is indicated by the 
line 11 and the delayed pressure curve by the curve 12. 
From the measured flow V, the instantaneously in 

spired air volume VI is continuously calculated and 
compared with the inspiratory nominal volume V,,,,,,,. 
From this, the continuously decreasing residual volume 
(V,,,,,,, -— Vac!) is produced. A further volume is continu 
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ously calculated from the instantaneous ?ow measured 
at the mouth‘and a ?ow decreasing linearly to 0 from 
that point to the end of phase II. A linear ?ow curve 13 - 
is in the present case only based on reasons of simplic 
ity. In principal, any other ?ow curve, for example an 
exponential etc., could obviously be brought into this 
calculation. When the latter volume is identical with 
the residual volume, i.e. when 

phase II begins. At this point 14, a transition from the 
pressure-regulated phase I to the flow-regulated phase 
II is possible without discontinuity in the ?ow and pres 
sure progress. By this means, the inspiratory nominal 
volume is normally attained at the end of phase II. 

' As the various curves a to d in FIG. 3 ‘show, the dura 
tion of phase I is greatly dependent on the elastic resis 
tance of the lungs (compliance). To indicate the ratio 
of the duration of phase I with respect to phase II, 
which has a certain physiological signi?cance, there 
can be used, for example, a series of lamps. 
The two expiration phases III and IV are in turn pres 

sure-regulated. The doctor can choose the pressure 
course with the three control elements for the expira 
tory pressure decrease, the in?exion and the ?nal expi 
ratory pressure. In phase III, the pressure proceeds 
from the pressure measured at the end of phase II ac- _ 
cording to a ?xed pressure decrease dP/dt. When the 
pressure measured in phase III reaches the in?exion, 
the pressure proceeds linearly to the ?xed ?nal 
expiratory pressure. The part of the expiration from 
the inflexion to the end of the respiration cycle repre 
sents phase IV. The linear course of the pressure in 
the expiration represents a preferred embodiment, 
‘but could be replaced by another course of the pres 
sure curve, for example, an exponential. 
border to avoid incorrect adjustments, the logic~ 

circuit takes care that phase IV is never shorter than 
phase III, i.e. the logic switches to phase IV at the latest 
after completion of the half expiration time. An incor 
rect adjustment would have as a result, for example, the 
onset of inspiration at an incorrect point in time or the 
occurrence of the so-called “air-trapping”, i.e. too little 
expiration. 
For the switching from pressure to flow control tak 

ing place during inspiration, it .is important that no 
discontinuity results in the flow and pressure curve. 
Moreover, the condition exists that the inspiratory 
nominal volume calculated beforehand is attained at 
the end of phase II. 
The inspiratory nominal volume is calculated on the 

one hand from the ?xed values of respiration frequency 
and minute volume or alveolar minute volume and 
dead volume and on the other hand a correction value 
derived from the expiration. This correction value is 
the expired air volume per respiration cycle averaged 
over several respiration cycles (in the present embodi 
ment six). Its calculation is effected such that during six 
respiration cycles, the expired air volume per respira 
tion cycle is recorded and an average value is then 
formed. ‘In this, manner, the nominal value remains 
constant in each case for six respiration cycles. Devia 
tions determined lead to a new nominal value for the 
next six respiration cycles. 

In this manner, the danger of “air-trapping” is greatly 
reduced. Small leaks in the respiration system are auto 
matically compensated. If a large correction (e.g. more 
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6 
than 20%) is necessary, an alarm is triggered. This 
alarm limit is only ?xed at +20%. A negative correction 
is not limited and does not cause an alarm since it can 
occur at normal ratios in the assisted respiration to be 
described in the following. 
The correction logic, in contrast, no effect on the 

subsequent six respiration cycles with a cough distur 
bance, when using the “manual” control and with a 
change in the nominal value adjustments of the control 
elements for frequency, minute volume and dead vol 
ume. In all of these cases, the logic behaves, with the 
aid of a stoppage, as in the case of a new start'up of the 
apparaatus, i.e. for the next, six respiration cycles it 
yields inspiratory nominal volumes calculated accord 
ing to the instantaneous adjustment without consider 
ation of the measurement of the expiration air. 

It is conceivable that phase H or the automatic 
switching to flow control cannot take place, if the pres 
sure increase for the inspiration has been made too 
small, the compliance of the patient ?uctuates greatly 
or the tube of the patient is congested. In these cases, 
the continuously calculated residual volume is con 
stantly too large. In such a case, at the end of the time 
calculated for the phases I + II, phase I is switched 
directly to phase III. The respiration is then completely 
pressure-controlled. Indeed, the inspiratory nominal 
volume is not attained at the instant of beginning of 
phase II, but because of the lack of ?ow control, there 
results mostly (depending on the ?xed dP/dt) an auto 
matic extension of the inspiration period with respect 
to the expiration. With this, the chance is increased of 
nevertheless attaining the inspiratory nominal volume. 
A visual display indicates this anomalous course (disap 
pearance of phase II). If this situation only occurs in a 
single respiration cycle, then the volume de?ciency 
resulting from this is automatically taken into account 
in the next six respiration cycles. If, however, the situa 
tion occurs in several respiration cycles, then the feed 
back can no longer compensate for this large volume 
de?ciency (more than 20%) and an alarm is triggered. 
The present circuit offers the possibility of determin 

ing the cause of the alarm triggering. If the nominal 
correction is greater than 20% and phase II still comes 
into action, then this signi?es that the ?xed nominal 
value has probably been attained in inspiration but the 
expiratory volume measurement displays a smaller 
volume value. This signi?es that a leak is present in the 
system. If the nominal correction is greater than 20% 
and phase I] does not commence, then the apparatus is 
not capable of producing the ?xed nominal volume in, 
inspiration, be it because of congestion in the respira 
tion path or too low an inspiration pressure. In this 
case, it is a question of an incorrect adjustment of the 
pressure increase for the patient in question or the 
necessity to carry out a cleansing of the mouth. 

In the assisted respiration, the basic principle of the 
regulation remains the same as in the controlled respi 
ration. Care is taken, however, that the patient is en 
sured a maximum of freedom with respect to respira 
tion, the-fixed minute volume representing the minimal 
value with which the patient respires. The patient can 
receive a larger volume, that is either by sighs, by a 
continuous increase of the inspiratory volume or an 
increase of the respiration frequency. It is possible, 
moreover, for the patient to interpose a respiration 
pause up to a maximum length of double the expiration 
time or to slow down the frequency with respect to the 
?xed value for a limited time. If the patient becomes 
unconscious during the assisted respiration, the respira 
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tor immediately transfers to a reduced respiration and 
at the latest after six respiration cycles transfers back to 
completely controlled respiration. 
The control signal for the inspiration consists, as in 

the controlled respiration, of a pressure signal begin 
ning at the value of the preceding ?nal expiratory pres 
sure. In the case of a control by the patient, there is, 
however, no delay permissible since the patient imme 
diately requires assistance with his inspiration. 
The transition from pressure to ?ow regulation is 

effected according to the same criteria as in the con 
trolled respiration. 
When the patient is conscious, it is conceivable that 

he desires more ?ow than the logic makes available to 
him with its decreasing flow ramp. Because the patient 
acts against this ?ow regulation, the mouth pressure 
sinks in this phase and the value of the ?xed ?nal expi 
ratory pressure can already be attained in phase II. This 
fact is utilized in the present regulation in order to 
allow the patient to inspire more air. As soon as this 
event occurs, the regulator again switches to pressure 
regulation. In so doing, the constant ?nal expiratory 
pressure remains in existence until the beginning of a 
new respiration cycle. 

If phase II has not been interrupted by the aforemen 
tioned pressure regulation, the expiratory phase III 
proceeds as in the controlled respiration. However, to 
avoid air-trapping, control by the patient during this 
phase is blocked. 

In order not to cause false triggering, during expira 
tion the pressure signal is never allowed to become 
smaller than the ?xed ?nal expiratory pressure. If, 
therefore, in assisted operation the pressure of the 
inflexion is chosen smaller than the ?nal expiratory 
pressure, then the in?exion is brought to the level of 
the ?xed ?nal expiratory pressure by the logic. The 
transition from phase III to phase IV is effected as in 
the controlled respiration. During phase IV, the patient 
can control a new inspiration. For the control by the 
patient there is a question of the following criterion: 
reversal of the ?ow direction with a certain amplitude 
and a certain duration. As is shown in the following, 
this criterion must differentiate from coughing; there 
fore, a relatively complex criterion has been chosen for 
the control. 
A respiration pause is made possible as follows: By 

the possible patient control, the precalculated duration 
of expiration (phases III and IV) can be reduced or, as 
is shown in the following, also be increased. The time 
difference resulting from a switching to a respiration 
pause is continuously summed until a stored value of a 
maximum expiration duration is attained. Then, a new 
cycle is initiated without control by the patient. In 
FIGS. 4 and 5, suitable possibilities of respiration free 
dom are shown by way of examples. FIG. 4 shows the 
control by the patient before completion of the cycle 
time required by the ?xed frequency. The upper line 
shows the normal cycle completion, while the lower 
line represents the cycle completion accelerated by 
control of the patient. Under this is given the time 
reserve resulting by the control by the patient with 
respect to the normal cycle. The time reserves At re 
sulting from the control established by the patient are 
continuously stored by the logic and summed up to a 
maximum value 2 At, e.g. in the magnitude of the 
calculated expiration time t2, and retained in storage. 
Thus resulting time reserves now also give the patient 

the possibility of switching to respiration pauses. This 
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possibility is shown in FIG. 5, in which the upper line 
again represents the normal cycle completion, while 
the lower line again gives the cycle completion delayed 
by respiration pauses. Below the lower line are given 
the time reserves utilized by the respiration pauses. The 
patient can switch to respiration pauses until the time 
reserves XAI, emanating from the control by the pa 
tient is used up, i.e. 

After exhaustion of this time reserve 2A5, it is no 
longer possible for the patient to extend the respiration 
cycle time above the calculated value [2. 

This example shows that the average respiration fre 
quency either remains constant if the speeding up re 
sulting from control by the patient and the respiration 
pauses constantly balance one another, or increases if 
the sum of the times from the speeding up exceed the 
value of [2 (expiration time) before respiration pauses 
are effected. 

In this manner, it is possible to maintain in a simple 
way the ?xed minimal minute volume. For this, the 
same logic is utilized as for the controlled respiration, 
i.e. by calculating an inspiratory nominal volume which 
not only takes account of the ?xed magnitude but also 
of the volume actually expired (feedback of the six 
respiration cycles). 
The feedback after six respiration cycles takes on a 

new signi?cance in spontaneous respiration. If the pa 
tient desires more air, i.e. a greater minute volume than 
that ?xed by the apparatus, then the calculated inspira 
tory nominal volume is reduced in the next six respira 
tion cycles and the patient thereby receives somewhat 
more freedom, at least as long as he breathes suffi 
ciently spontaneously. By the choice of the minute 
volume in the assisted respiration, the intensity of the 
respiration assistance can accordingly be adjusted. In 
the extreme case, the fixed minute volume is an abso 
lute minimal value which cannot be subordinated. 

It is of great importance that in the case of coughing 
by the patient, the regulation has the correct response. 
With coughing, the patient must be calmed in order 
that the normal respiration course can be guaranteed as 
quickly as possible. In so doing, the previously de 
scribed functioning of the regulator must not be im 
paired (such as, for example, the feedback of the six 
respiration cycles). Further, the logic must be able to 
differentiate an inspiration control by the patient from 
a cough signal. For this purpose, the criterion for 
coughing shown in FIG. 7 has been determined. Ac 
cording to this, the regulation ascertains a cough when 
the following criteria are ful?lled: 

a. The gradient of the ?ow must exceed a certain 
magnitude, 

b. the flow must have the opposite sign to normal, i.e. 
during phases I and II (inspiration) it must have the 
sign of expiration and during phases III and IV 
(expiration) it must have the sign of inspiration. 

The time in which the conditions a and b are simulta 
neously ful?lled plus a calming time At is de?ned as the 
cough duration. 
During the entire cough duration, the respirator is 

switched to a regulation of the ?nal expiratory pres 
sure. Accordingly, the cough is not hindered and the 
patient can calm himself. If the patient coughs as indi 
cated in FIG. 6, during inspiration, then after the cough 
duration, a new inspiration is started. If the patient 
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coughs as shown in FIG. 7 during expiration, then the 
respirator remains at the ?nal expiratory pressure until 
the end of the expiration time. ' 
The cough logic only functions during the “con 

trolled” and “assisted” methods of operation. 
The block diagram shown in FIG. 8 represents in the 

usual simpli?cation, an example of regulator with 
which the previously described functions can be car 
ried out. The device shown in FIG. 1 collectively as the 
respiration gas ‘source 2 consists in the present example 
of a pump 31 which is provided with a mixing valve 32 
and a unit 33 for the air humidi?cation and tempera 
ture regulation. The valve 4 consists in the present case 
of a control valve 34 driven by a servomotor and a 
separate valve 35 for separating the expiration air from 
the inspiration air, which is denoted brie?y and I/E 
valve. ' 

The measuring device 5 shown in FIG. 1 consists, as 
already mentioned in the present embodiment, of a 
?ow measuring apparatus 36 and a pressure measuring 
apparatus 37 separated therefrom. Sine in the present 
embodiment, the ?ow and pressure measurement is 
undertaken with the aid of an auxiliary ?ow, an auxil 
iary ?ow source 38 is provided which delivers the nec 
essary auxiliary ?ow to the ?ow measuring device 36 
and the pressure measuring device 37. The output sig 
nal of the pressure measuring apparatus 37 is delivered 
to a comparator circuit 39 for comparing the actual 
pressure value measured with a nominal value. The 
output signal of this comparator circuit 39 is delivered 
via a switch 40 to a circuit 41 for regulating the position 
of the servomotor indicating the control valve 34. In 
the same manner, the output signal of the flow measur 
ing apparatus 36 representing the‘ actual value mea 
sured is delivered via a compensation circuit 42 to a 
further comparator circuit 44 for comparing this actual 
valve with a nominal value for the ?ow. The output 
signal of the comparator circuit 44 is led via the switch 
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40 to the position regulator 41. The switch 40 accord- ‘ 
ingly serves for switching between ?ow and pressure 
regulation. 
The compensation circuit 42 is necessary because the 

measured value of the ?ow depends on the composition 
of the respiration gas, and serves in order to compen 
sate for this dependence. For this purpose, it receives a 
signal from a circuit 43 for detecting the composition 
of the gas mixture. The position at which the gas mix 
ture is detected is optional, therefore no corresponding 
connection is drawn in. It can be expediently effected, 
however, at the mixing valve 32. 
AT the output of the pressure measuring apparatus 

37 is further connected a measuring circuit 45 in which 
a signal specifying the ?nal expiratory pressure is deter 
mined for each respiration cycle from the output signal 
of the pressure measuring apparatus 37. The output 
signal of the circuit 45 is delivered to an input of a ramp 
generator 46. The ramp generator 46 has two further 
inputs, one of which is connected to the external con 
trol element 47 for selecting the ramp gradient of the 
inspiratory pressure (dp/dt), and the second of which is 
connected to the external. control element 48 for ad 
justing the ?nal expiratory pressure. The ramp genera 
tor 46 produces a linearly increasing sign al‘determining 
the pressure increase in phase I. In controlled respira 
tion, this signal is delivered to a delay'unit of the ?rst 
order 49. This delay unit, as already mentioned in the 
previous function description, serves inorder to ensure 
a smooth onset of the pressure increase. The delay unit 
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10 
49 has a by-pass line via a switch 50, which in assisted 
respiration is connected in case of control by the pa 
tient during expiration. 
The output signal of the delay circuit 49 or, in case of 

a control by the patient in assisted respiration, the 
output signal of the ramp generator 46 directly, serves 
as the nominal signal for the inspiratory pressure in 
crease. During phase I of the inspiration, this signal is 
delivered via a switch 51 (for switching between inspi 
ration and expiration) present in the switching position 
“inspiration” and a second switch 52 (for switching 
between on the one hand controlled or assisted respira 
tion and on the other hand spontaneous respiration or 
disorders such as coughing etc.) present in the switch 
ing position “controlled/assisted” to the comparator 
circuit 39 where the comparison with the actual signal 
is effected. 
During expiration, the switch 51 is present in its other 

switching position “expiration”. In this phase of the 
respiration cycle, the pressure course is determined by 
a pressure function generator 53 which calculates the 
pressure function from the expiratory pressure de 
crease, the pressure of the in?exion and the ?nal expi 
ratory pressure. For this purpose, the pressure function 
generator 53 is connected on the input side with the 
external control element 54 for selecting the expiratory 
pressure decrease to the in?exion, the control element 
48 for selecting the ?nal expiratory pressure and the 
control element 55 for selecting the pressure of the 
in?exion. In the spontaneous respiration operating 
state or with disorders such as coughing, extended 
expiration time etc. the ?nal expiratory pressure is 
simply speci?ed as the nominal value. For this purpose, 
the switch 52 is present in its second switching position, 
i.e. the switching position which connects the external 
control element 48 directly with the comparator circuit 
39. 
From a ?ow function generator 56, the comparator 

circuit 44 receives the nominal value to be compared 
with the actual value of the ?ow measured. This func 
tion generator 56 determines the ?ow course in phase 
II of the inspiration from the instantaneous ?ow at the 
switching point between pressure and ?ow control the 
?ow O at the end of the inspiration. For this purpose, 
the function generator 56 receives via one input the 
actual signal of the ?ow measured and via a second 
input the signal for switching from a logic circuit 57. 
The ?ow function generator 56 is so designed in the 

present embodiment that the ?ow course decreases 
linearly from the instantaneous ?ow VJr to the value 0. 
It is possible without more ado, however, to choose a 
flow course varying from a linear course, for example, 
an exponential. 
The logic circuit 57 determines the switching from 

pressure to ?ow control during inspiration. For this 
purpose, it continuously calculates the residual volume 
already de?ned earlier, i.e. the difference between the 
nominal volume per respiration cycle and the volume 
inspired at the instant t1, and the volume which is pro 
duced starting from the instantaneous ?ow at the in 
stant t, to the ?ow 0 on the basis of the provided flow 
course curve during phase II of the inspiration, and 
compares these two volumes with one another. In other 
words, the circuit 57 calculates the expression 

(Vim - Va) 2 
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When this equation is ful?lled, the circuit 57 pro 
duces a signal for switching from pressure to ?ow con 
trol. For calculating this expression, four input signals 
are delivered to the circuit 57. Via one input, it re 
ceives the actual value of the flow measured from the 
?ow measuring apparatus 36 via the compensation 
circuit 42. A second input is connected with a circuit 
58 from which it receives a signal specifying the inspi 
ratory nominal volume per respiration cycle. 
The circuit 58 serves for comparing the buccal nomi 

nal volume per respiration cycle which is speci?ed on 
the basis of the value given by the doctor, with the 
expired volume per respiration cycle averaged over six 
respiration cycles and corrects the nominal volume if 
the two compared values deviate from one another. 
The circuit 58 receives the value of the inspiratory 
nominal volume per respiration cycle from a circuit 59, 
in which this volume is calculated from the minute 
volume and the respiration frequency. In the present 
embodiment, the circuit 59 has for this purpose three 
inputs, the ?rst of which is connected with the external 
control element 60 for selecting the alveolar minute 
volume, the second of which is connected with the 
external control element 61 for adjusting the dead 
volume and the third of which is connected with the 
external control element 62 for adjusting the respira 
tion frequency. The circuit 58 receives the value of the 
expired volume per respiration cycle averaged over six 
respiration cycles, from a circuit 63 in which this value 
is calculated from the actual value of the flow mea 
sured during the expiration. 
Via a further input, the circuit 57 receives the time 

signal t, from a timer logic 64 in which this time signal 
is calculated for controlled respiration essentially from 
the ?xed values for the temporal sequence of the respi 
ration cycle; with consideration of further criteria for 
assisted respiration. 

Finally, the circuit 57 receives a signal specifying the 
instantaneous volume during inspiration from a circuit 
65, in which this inspiratory instantaneous volume is 
continuously calculated from the actual value of the 
flow measured. For this purpose, the circuit 65 is also 
connected to the output of the compensation circuit 42 
and therewith, to the flow measuring apparatus 36. 

In the ease of controlled respiration, the timer 64 
utilizes the inspiration time t1 and the expiration time t2 
for determining the temporal sequence of the respira 
tion. The inspiration time II is calculated in a circuit 66 
from the respiration frequency and the ratio of inspira 
tion to expiration. For this purpose, the circuit 66 has 
two inputs, one of which is connected with the external 
control element 62 for selecting the respiration fre 
quency and the second of which is connected with an 
external control element 67 for selecting the ratio of 
inspiration to expiration. In the same manner, the expi 
ration time I2 is calculated in a circuit 68 which likewise 
has one input each connected with the control ele 
ments 62 and 67. 

In the case of assisted respiration, the timer circuit 64 
additionally takes into account a series of time factors, 
One of these time factors is the extended expiration 
time 12’, which is calculated in a circuit 69. For this 
calculation, there is called upon the expiration time t2 
determined by the circuit 68 and the time reserve with 
respect to the normal cycle summed in an addition 
circuit 70. This time reserve, i.e. the sum of the sepa 
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12 
rate differences between the speci?ed cycle times and 
the cycles shortened by the spontaneous control by the 
patient, is calculated in the circuit 70 on the basis of a 
signal which it receives from a logic circuit 71, which 
furnishes a corresponding signal in the case of control 
by the patient on the basis of certain criteria of the flow 
course. This signal can of course only be delivered to 
the circuit 70 in the “assisted” switching position of a 
switch 72. The input of the logic circuit 71 is connected 
with the flow measuring apparatus 36 via the compen 
sation circuit 42. Utilized as a criterion for this is, as 
already mentioned, that a control by the patient effects 
the reversal of the flow direction with a certain ampli 
tude and a certain duration. 
The signal indicating the instant of control by the 

patient is also delivered directly to the timer circuit 64 
as a further input value for the assisted respiration. 
A third, additional input value for the assisted respi 

ration is the output signal of a logic circuit 73 which 
indicates the presence of a cough on the basis of certain 
criteria of the flow course and can by this means be 
denoted as the cough logic. The cough logic 73 is con 
nected on the input side with the ?ow measuring appa 
ratus 36 again via the compensation circuit. A flow 
with a sign opposite to normal and a gradient lying 
above a certain limiting value is admitted as the crite 
rion for the occurrence of a cough as opposed to the 
occurrence of a control by the patient. 
Apart from the said control elements for selecting the 

input values, there are also the control elements for 
selecting the operating condition, i.e. a control element 
73 for engagement of controlled respiration, a control 
element 74 for engagement of assisted respiration and 
a control element 75 for engagement of spontaneous 
respiration. These three control elements are expedi 
ently combined in a single selection switch. Its connec 
tion to the individual elements of the regulator is half 
not shown in the block diagram for clarity. For the 
person skilled in the art, it is evident without more ado 
how the operating selection is to be undertaken. 
A device 76 for the manual modulation of the control 

valve 34 is provided for the “hand control” operating 
condition. 

Finally, a control element 78 is provided for engage 
ment of the whole regulator and the pump 31. 

As already mentioned, the regulation has a series of 
indicator and alarm devices. One indicator serves for 
visually representing the temporal ratios of pressure 
and ?ow regulation, i.e. the phases I and II. This indica 
tion can be undertaken, for example, with a number of 
linearly arranged lamps, whose total number corre 
sponds to the inspiration time and one section of which 
lights up corresponding to phase [1, while the other 
remains switched off. Obviously another type of indica 
tion would be possible, for example, on an analogue 
instrument. 

The switch 72, which in assisted respiration connects 
the logic circuit 71 with the pressure control loop, is in 
its second switching position in controlled respiration 
and connects the output of the logic circuit 71 with an 
indicator 80 by which means the control pulses accord 
ingly released with controlled respiration by the patient 
are indicated. The occurrence of such control pulses in 
controlled respiration, signi?es that the patient is op 
posing the respirator. The indicator 80 gives an indica 
tion by these, then, that the controlled respiration has 
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possibly to be replaced by an assisted respiration. The 
indicator 80 can consist, for example, of a lamp. An 
additional acoustic signalling is not necessary, because 
the occurrence of these control pulses is not critical. 
For a series of further magnitudes, vhowever,‘there is 

provided a continuous monitoring and-an alarm pro 
duction with excession of ?xed limiting values. The 
regulation automatically provides for the maintenance 
of the most important parameters ?xed by the doctor. 
This automatic accommodation of the patient is ef 
fected in a certain working range. Only when this ac 
commodation is no longer possible, is an alarm trig 
gered and the disorder causing vthe alarm simulta 
neously indicated. Besides this, magnitudes are also 
monitored which are not externally adjustable. These 
free magnitudes are dependent on the operating 
method. They are indicated via an analogous measur 
ing instrument on whichv the alarm level can be simulta 
neously adjusted. 

In this manner, the ?nal respiratory pressure is moni 
tored in the controlled and the assisted respiration. For 
this purpose, the signal coming from the pressure mea 
suring apparatus 37 is delivered to a measuring device 
81 in which the ?nal inspiratory pressure is retained for 
each inspiration. The output signal of this measuring 
device is delivered to an analogue measuring instru 
ment 83 via a switch 82 present in the controlled/as 
sisted switching position. The measured value for the 
?nal inspiratory pressure is indicated on this instru 
ment. An alarm limiting value can be simultaneously 
adjusted with the aid of an adjustment device 84. With 
excession of this alarm limiting value, an alarm is given 
out by an alarm device 85 connected with the analogue 
measuring instrument. This alarm can be visual and/or 
acoustic; in which for the acoustic alarm an optionally 
introduced delay of up to 1 minute can be expediently 
provided. 
The ?nal inspiratory pressure is measured since it is 
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of an unspeci?ed magnitude. Its measurement takes the ' 
place of the usual measurement of average respiration 
pressure. All other pressure values during a respiration 
cycle are determined, in that the pressure course in 
phases I, III and IV is ?xed by the doctor. 
When switch 52 is present in its second switching 

position “spontaneous” and switch 40 is present in its 
lower switching position, a pressure regulation takes 
place in which the ?nal expiratory pressure continu 
ously made available to the patient is excluded, while 
the function of a device for monitoring the respiration 
minute volume carries out the remaining part. The 
expiratory volume per cycle calculated in circuit 63 
and averaged over six respiration cycles is converted to 
the minute volume in a computing circuit 86. This 
minute volume is indicated in the analogue measuring 
instrument 83, an alarm device 85 again being con 
trolled when exceeding a speci?c limiting value ad 
justed with the aid of the adjustment device 84. The 
comparator circuit 58, in which the nominal volume 
per cycle is compared with the expired-volume‘ per 
cycle averaged over six cycles, produces a signal with a 
difference exceeding 20% with which an alarm device 
87 is controlled. Consequently, the alarm device 87 
indicates a leak in the system when the expired volume 
is more than 20% below the inspired volume per respi 
ration cycle. ' . e 

A further alarm device'88 is controlled when the 
respiration paths of the patient are congested, i.e. when 
a mouth cleansing is necessary or when an incorrect 
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pressure increase is ?xed for thepatient. This alarm‘ is 
triggered when simultaneously the difference signal 
from the circuit 58 is applied and the nominal volume 
is not attained at the end of inspiration. The second of 
these two criteria is obtained in the comparator circuit 
89, which via one input receives a signal specifying the 
inspiratory nominal volume from the circuit 58 and via 
a second inputreceives a signal specifying the ?nal 
inspiratory actual volume. This ?nal inspiratory actual 
volume is calculated in a computing circuit 90, which is 
connected to the circuit 65. The inspired volume is 
continuously determined, as already explained earlier, 
in circuit 65. The two alarm devices 87 and 88 only 
come into function in controlled and assisted respira 
tion. 
Moreover, with all operating methods, there are 

monitored the function of the pressure pump or gas 
delivery, the function of the auxiliary ?ow source 38 
and the function of the electronics. For the monitoring 
of the electronics, there serves an alarm device 91 
which is connected, for example, with the position 
regulator 41. For the monitoring of the regulating func 
tion of the auxiliary flow source 38, there serves a 
measuring apparatus 92 with which an alarm device 93 
is connected. Finally, for the monitoring of the pump, a 
pressure measuring apparatus 94 is provided, to which 
an alarm device 95 is connected. If an external gas 
source is provided instead of the pump 31, the pressure 
measuring apparatus 94 can of course be connected 
into the line coming from this gas source. 

In the present embodiment, each alarm device is 
visual, i.e. it consists of an indicator lamp. An acoustic 
alarm device 96 is, additionally provided, which pro 
duces an acoustic signal for each state of alarm. The 
localizing of the disorder can then be veffected‘ on the 
basis of the visual signal. If desired, the acoustic alarm 
can be delayed by up to 1 minute with the aid of a 
switch 97 and a timer 98. A continuous blocking of the 
alarm is not provided. I 
In the present embodiment of the regulator, the fol 

lowing possibilities for adjustment of the control ele 
ments are provided: 
The adjustment of the inspiratory pressure increase 

can be ?xed stepwise from a value of 10 cm H2O/ 
second, in 10 steps each of 10 cm HgO/SCCOI‘ld, up to 
100 cm H2O/second. For indicating phases I and II with 
a series of lamps, there are taken, for example, l6 
lamps. 
The pressure decrease during phase III of the expira 

tion is adjustable in 10 steps, as follows: 

500; 250; lOO; 80I 60; 50, 40; 30; 20; 10 cm 14,0] 
sec 

The pressure level of the in?exion is adjustable in 9 
steps: 

The ?nal expiratory pressure is adjustable in 9 steps 
as follows: 

—l0; —7.5; —5; —-2.5; 0; 2.5; 5; 7.5; 10 cm H2O 

The respiration frequency should have the range 
from 8 to 60 respiration cycles per minute. For practi 
cal reasons, however, in the present embodiment the 
range from 2 to 58 has been chosen, that is with adjust 
ment steps of 2 respiration cycles per minute.» 
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The ratio of inspiration to expiration is adjustable 
between 1/1 and 1/3 in 9 steps, as follows: 

Since in the present embodiment, instead of the buc 
cal respiration minute volume, there can be chosen 
separately the alveolar respiration minute volume and 
the dead volume, with frequency variation with the 
alveolar ventilation remains automatically constant. 
The alveolar respiration minute volume can be selected 
in 50 steps between 0.5 and 10 liters per minute. For 
practical reasons, the following subdivision has been 
chosen here: 

0.6; 0.8; l.(); 1.2; L4; . . . 9.8 liters per minute 

For the adjustment of the dead volume, the following 
25 steps are available: 

0.00; 0.02; 0.04; 0.6; 0.08; O.l(); . . . 0.48 liter 

If the dead volume is adjusted to 0.00 liter, then the 
?xed alveolar respiration minute volume corresponds 
to the buccal respiration minute volume. 
The adjustment steps can, of course, be chosen oth 

erwise. In certain cases, e. g. for the respiration of chil 
dren, a greater resolution than that speci?ed is neces 
sary for some values. 

Instead of the digital adjustment, a stepless analogue 
adjustment for a number or for all of the values could 
also be chosen. 
What is claimed is: 
1,. Regulation of the ?ow and pressure of the respira 

tion gas in a respirator during the respiration cycle in 
which the actual ?ow and pressure of the respiration 
gas are measured via a measuring device arranged 
proximate the patient connection and the measured 
values thereof are converted into electrical signals and 
in which the ?ow and pressure of the respiration gas are 
controlled during the inspiration and expiration por 
tions of the respiration cycle via valve means arranged 
between the respiration gas source and the measuring 
device, comprising: 
measuring the actual flow of respiration gas proxi 
mate the patient; 

measuring the actual pressure of respiration gas prox 
imate the patient, 

calculating nominal values of ?ow and pressure from 
preselected ?xed values and said actual values; 

comparing the actual values measured for the ?ow 
and pressure with said nominal values; and 

obtaining from said comparison a control signal for 
modulating the valve means and thereby regulating 
the ?ow and pressure of the respiration gas wherein 
the inspiration portion of the respiration cycle is 
comprised of two phases, and wherein said regula 
tion includes pressure-regulating the ?rst of said 
two phases and ?ow-regulating the second of said 
two phases. 

2. Regulation according to claim 1 including effect 
ing changeover from said ?rst to said second inspira 
tion phase at the point in which the difference between 
the inspiratory nominal volume and the instantaneous 
volume is equal to the volume which is calculated from 
the instantaneous flow and a ?ow decreasing to 0 from 
that point to the end of the inspiration phase. 

3. Regulation according to claim 2 including compar 
ing the inspiratory nominal volume with a value of the 
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expired volume averaged over a predetermined num 
ber x of respiration cycles and correcting the nominal 
volume correspondingly for x subsequent respiration 
cycles. 

4. Regulation according to claim 3 including trigger 
ing alarm means upon a difference occurring between 
the inspiratory nominal volume per respiration cycle 
and the average value lying above a pre-established 
limiting value. 

5. Regulation according to claim 4 including produc 
ing when the difference between the nominal volume 
per respiration cycle and the average value and the 
difference between the ?nal inspiratory actual volume 
and the nominal volume each simultaneously exceed a 
predetermined limiting value. 

6. Regulation according to claim 2 including direct 
ing the ?ow of respiration gas from the instantaneous 
value at the changeover points to 0 according to a 
predetermined function. 

7. Regulation according to claim 6 wherein said pre 
determined function is a straight line. 

8. Regulation according to claim 2 including measur 
ing the instantaneously inspired volume continuously 
from the ?ow measured. 

9. Regulation according to claim 1 including altering 
the regulator, with a ?ow measured having the sign of 
expiration during the inspiratory portion of the respira 
tion cycle or vice-versa and a gradient lying above a 
predetermined limiting value which characterize a 
cough criterion, to provide a ?xed ?nal expiratory 
pressure. 

10. Regulation according to claim 9 wherein upon 
the occurrence of a ?ow characterizing the cough crite 
n'on during an inspiration, a new inspiration is begun 
following a pause of predetermined duration, and 
wherein upon the occurrence of a flow characterizing 
the cough criterion during an expiration, the ?nal expi 
ratory pressure is interposed and the end of the respira 
tion cycle awaited. 

11. Regulation according to claim 1 wherein upon a 
reversal of the ?ow direction of a predetermined ampli 
tude and duration during the expiration time, the inspi 
ration portion of the subsequent respiration cycle is 
immediately interposed. 

12. Regulation according to claim 11 wherein the 
time difference between the preestablished cycle dura 
tion provided and the cycle duration shortened by res 
piration control effected by the patient is stored and 
summed over a plurality of respiration cycles. 

13. Regulation according to claim 12 wherein the 
summed time reserve can be utilized in later respiration 
cycles in the sense of a cycle extension. 

14. Regulation according to claim 1 wherein the 
pressure course during the ?rst phase of inspiration 
follows a curve which proceeds from the measured 
?nal expiratory pressure of the preceding respiration 
cycle and has an externally selected gradient. 

15. Regulation according to claim 14 including pro 
viding the pressure course curve with a delayed insert. 

16. Regulation according to claim 14 including start 
ing the pressure-course curve without a delay in the 
case of a respiration control being provided by the 
patient. 

17. Regulation according to claim 1 wherein the 
pressure-course during expiration is comprised of two 
phases. 

18. Regulation according to claim 17 wherein the 
pressure-course in the ?rst phase of expiration de 
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creases linearly to a preestablished pressure with a 21. Regulation according to claim 17 wherein a?xed 
predetermined gradient, limiting value is preestablished for the temporal ratio of 

19. Regulation according to claim 18 wherein the the two phaseis‘ . . . 
pressure_course in the Second phase of expiration pro_ 22. Regulation according to claim 1 wherein the ?nal 

' 5 . . V . . 

ceeds from the speci?ed pressure and ends at a prees- mzgraggyu?teizsrl:rzcto??zluzd Elma/{Siam the 
tablished ?xed ?nal expiratory pressure. ' . . . . . ex ired minute volume is calculated and dis la ed‘ 

20. Regulation according to claim 19 wherein m an it Regulation according to claim 1 Margin the 
a$§i$ted respiration’ mode of OPeYaFiOn, "0 PresSure temporal ratio of pressure to volume control during 
lying below the value of the ?nal expiratory pressure is l0 inspiration is displayed. 
allowed. * * * * * 
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